Antineoplastic therapy is frequently complicated by the development of cardiotoxicity. This subject is of rising concern for both cardiologists and oncologists since many of these adverse effects are likely to have significant consequences on patient outcomes. Therefore, identifying and understanding these effects is crucial to the successful management of cancer patients with cardiovascular complications.
The purpose of this review is to attempt to summarize the current state of knowledge of common cardiovascular complications, such as heart failure (HF), myocardial ischemia, hypertension (HTN), thromboembolism, QT prolongation, and bradycardia associated with frequently used anticancer medications at the University of Texas M. D. Anderson Cancer Center (MDACC). A MEDLINE search for each of the aforementioned cardiovascular side effects and associated chemotherapeutic agents was performed. The most recent review articles and key research papers establishing the chemotherapy's incidence, diagnosis, pathophysiology, and management of its cardiovascular complications were included. For anticancer therapies in which the incidence of a particular cardiotoxicity was considered rare, or when there were only case reports available, these agents were excluded from this review. During the literature search conducted for this report, we found that in many cases primary literature was lacking in regard to the rate of these side effects reported in the package insert, particularly for newer targeted therapies. In these instances, the package insert was the only published information available to report the incidence of cardiotoxicity. In addition, scientific abstracts presented at national conferences, the Food and Drug Administration (FDA) website, as well as the extensive clinical experience of the Department of Cardiology at MDACC were utilized to comprise this review. The reported rates of cardiotoxicity were obtained from available published literature and they apply to the follow-up periods for each agent, which were variable. Therefore, in this report, incidence should be understood as the number of new cases of cardiotoxicity described over the variable follow-up period studied.
For every cardiotoxic side effect discussed, a table was created. In each of the tables presented, the incidence of the cardiotoxic side effect being discussed is listed. In addition, the frequency of use for each chemotherapeutic agent in the past year (January 1, 2007 to December 31, 2007) at MDACC is represented. If Ͼ5,000 doses per year were dispensed, then the agent was assigned ϩϩϩ; if 1,000 to 5,000 doses per year were dispensed, the agent was assigned ϩϩ; lastly, if Ͻ1,000 doses were dispensed per year, then ϩ was assigned to correspond to its frequency of use.
HF
Several therapies for cancer have been associated with the development of left ventricular dysfunction (LVD) and/or HF. The cumulative dose, the administration schedule, and the concomitant use of other cardiotoxic therapies determine the likelihood of cardiomyopathy (CMP). Table 1 highlights the incidences of LVD associated with selected chemotherapeutic agents.
ANTIMETABOLITES.
Clofarabine. According to the package insert, LVD was noted in 27% of pediatric acute lymphoblastic leukemia patients. In most cases, LVD appeared to be transient (10) .
ANTIMICROTUBULE AGENTS. Docetaxel. The incidence of HF associated with docetaxel ranges from 2.3% to 8% (10, 15, 16) . In a trial comparing docetaxel plus doxoru- (10) . In 2 phase III clinical studies in metastatic breast cancer patients, the rate of grade 3 to 4 HF or CMP in the bevacizumab-treated arms was 2.2% to 3% (18, 19) .
Trastuzumab. The overall incidence of trastuzumab varies in the literature from 2% to 28%. The incidence of cardiac dysfunction ranges from 2% to 7% when trastuzumab is used as monotherapy, 2% to 13% when trastuzumab is used in combination with paclitaxel, and up to 27% when trastuzumab is used concurrently with anthracyclines plus cyclophosphamide (20 -27) . In a recent study looking at the long-term cardiac tolerability of trastuzumab at MDACC, the overall incidence of cardiotoxicity was 28% (28) . Cited risk factors for trastuzumab-induced CMP include age Ͼ50 years, borderline left ventricular ejection fraction (LVEF) before treatment, history of cardiovascular disease, the sequence in which chemotherapy is administered, and prior treatment with anthracyclines (cumulative doses Ͼ300 mg/m 2 ) (20,26,28 -31) .
SMALL MOLECULE TYROSINE KINASE INHIBITORS.
Dasatinib. The incidence of HF reported with dasatinib therapy ranges from 2% to 4%. In patients with leukemia across all dasatinib studies (n ϭ 2,182), HF or cardiac dysfunction (all grades) occurred in 2%, with grade 3 or 4 occurring in 1% of these patients (10) . During the phase III dose-optimization study, HF or LVD was reported in up to 4% of chronic phase chronic myeloid leukemia patients receiving dasatinib. Grade 3 or 4 HF/LVD occurred in up to 2% of patients (10) . Lapatinib. The cardiac safety of lapatinib was recently evaluated in a pooled analysis of 3,689 patients enrolled in phase I to III lapatinib clinical trials (32) . Cardiac events were defined as symptomatic (grade 3 or 4 LVD) or asymptomatic (LVEF decreases Ն20% relative to baseline and below the institution's lower limit of normal; no symptoms). Of the 3,689 patients, 60 (1.6%) experienced a cardiac event. Asymptomatic cardiac events were reported in 53 patients (1.4%), and symptomatic events occurred in 7 (0.2%). In patients treated with prior anthracyclines, trastuzumab, or neither, the incidence of cardiac events was 2.2%, 1.7%, and 1.5%, respectively. The mean time to onset of cardiac events was 13 weeks (32) . Imatinib mesylate. The exact incidence of cardiotoxicity associated with imatinib is unknown. The idea that imatinib causes cardiotoxicity was first introduced by Kerkela et al.
(33) when they reported 10 patients who developed severe HF while on imatinib therapy. In addition, they showed that imatinib-treated mice develop left ventricular contractile dysfunction and cellular abnormalities suggestive of toxic myopathy (33) . In correspondence to this report, Novartis conducted a retrospective review of their clinical database containing 6 registration trials of 2,327 patients treated with imatinib monotherapy. The incidence of HF was 0.5% (34) . Similarly, among 1,276 patients treated with imatinib during clinical trials at MDACC, 22 patients (1.7%) developed HF (35) . Sunitinib. Early clinical trials involving patients with gastrointestinal stromal tumor and metastatic renal cell cancer reported LVD in 4% to 11% of patients (36) . Recently, 2 retrospective reviews have been published examining the cardiotoxicity of sunitinib (36, 37) . Chu et al. (37) retrospectively reviewed all cardiovascular events in 75 imatinibresistant metastatic gastrointestinal stromal tumor patients. Eleven percent of patients had a cardiac event, with New York Heart Association functional class III to IV HF recorded in 8% of patients. In another retrospective review, 6 of 224 (2.7%) sunitinib-treated patients developed HF (36) . The only significant risk factor associated with the development of HF was coronary artery disease (37) . The mean time to development of HF was variable, 22 days to 27 weeks (36, 37) . Sunitinib-induced HF appears to respond well to medical therapy; however, CMP may not be completely reversible (36) . Pathophysiology. Anthracyclines. There are several hypotheses to explain the mechanism of anthracycline-induced cardiotoxicity, but free radical formation is generally accepted as the main mechanism. Other mechanisms have also been postulated including apoptosis; transcriptional changes in intracellular adenosine triphosphate (ATP) production in cardiac myocytes; down-regulation of messenger ribonucleic acid expression for sarcoplasmic reticulum calcium-ATPase, which decreases cardiac contractility; prolonged drug-related depression in cardiac glutathione peroxidase activity; and respiratory defects associated with mitochondrial deoxyribonucleic acid damage (3). However, it has recently been proposed that doxorubicin may cause cardiotoxicity through its interference with topoisomerase II beta (38) .
Cyclophosphamide. The precise mechanism of cyclophosphamide cardiotoxicity is unknown. It is hypothesized that cyclophosphamide causes direct endothelial injury, followed by extravasation of toxic metabolites resulting in damage to cardiomyocytes, interstitial hemorrhage, and edema (8, 12, 13, 39) . Intracapillary microemboli may develop as well, resulting in ischemic myocardial damage (13, 39) . Myocardial ischemia caused from coronary vasospasm is another proposed mechanism of cardiotoxicity (8) .
Ifosfamide. Given that ifosfamide and cyclophosphamide are structurally similar, it is possible that ifosfamide may induce HF through a similar mechanism. However, no histopathological evidence of hemorrhagic myocarditis, which is the hallmark of cyclophosphamide toxicity, was found in ifosfamide-treated patients (14) . It has also been proposed that since ifosfamide causes nephrotoxicity, the decrease in glomerular filtration rate may delay elimination of cardiotoxic metabolites. In addition, fluid disturbances, acidbase, and electrolyte disturbances related to tubular defects may be factors contributing to cardiac disturbances (14) .
Bevacizumab. The mechanism of HF associated with bevacizumab may be related to uncontrolled HTN and inhibition of vascular endothelial growth factor (VEGF)/VEGF receptor signaling (40) . Animal studies have demonstrated that angiogenesis plays a key role in the normal adaptive response to a pressure load. Studies that have utilized strategies mimicking the mechanism of bevacizumab have shown that pressure overload resulted in reduction of myocardial capillary density, global contractile dysfunction, cardiac fibrosis, and eventually decompensated HF (40) . Trastuzumab and lapatinib. Cardiotoxicity caused by trastuzumab is most likely secondary to inhibition of cardiomyocyte human epidermal growth factor receptor 2, also known as ErbB2 signaling, thereby interfering with normal growth, repair, and survival of cardiomyocytes (22, 41, 42) . By binding to ErbB2, it may regulate mitochondrial integrity through the BCL-X proteins, leading to ATP depletion and contractile dysfunction (43) . In a study by Sawyer et al. (44) , the addition of an antibody to ErbB2 in mice exposed to anthracyclines caused increasing myofibrillar disarray, which may explain the contractile dysfunction seen in patients treated with concurrent trastuzumab and anthracyclines. Other mechanisms include drug-drug interactions and immune-mediated destruction of cardiomyocytes (45) . There may also be a mechanism of cardiotoxicity independent of ErbB2 signaling, since both lapatinib and trastuzumab inhibit ErbB2, but trastuzumab is associated with a higher incidence of HF (30) .
Bortezomib. The mechanism of HF associated with bortezomib is unknown, but it has been proposed that it may cause cardiotoxicity through proteasome inhibition (46) . In chronic CMP, it is thought that the ubiquitin-proteasome system may be activated, and that this may be an adaptive mechanism for maintaining a normal stroke volume. In addition, susceptibility to cardiovascular disease has been attributed to an age-related decrease in proteasome activity. Therefore, in patients who possess a baseline presence of subclinical CMP, the ubiquitin-proteasome system is activated, and this may predispose them to bortezomib cardiotoxicity (46) . Dasatinib. The mechanism of dasatinib-induced cardiotoxicity may be similar to imatinib since they are both inhibitors of Abl. Besides Abl, dasatinib also inhibits Src and a number of other kinases, which may be involved in the development of cardiotoxicity as well (40) . Imatinib. Imatinib may induce cardiotoxicity through inhibition of c-Abl (33, 43 (50, 51) . Measuring systolic function through evaluation of the LVEF with either MUGA or echocardiography is one of the most commonly used measurements in monitoring and diagnosing chemotherapyinduced CMP; however, it is not sensitive for early detection of pre-clinical cardiac disease (subclinical), and it is influenced by contractility and pre-load/afterload effects leading to transient changes. Therefore, other measurements of systolic function (e.g., fraction shortening) and diastolic function (e.g., E/A ratio) have been used to detect early cardiotoxicity in addition to LVEF (52) . Endomyocardial biopsy remains the gold standard for diagnosis since it is the most sensitive and specific; however, the invasiveness of the procedure limits its use. MUGA scans are noninvasive, which make them an attractive option for routine clinical monitoring; however, MUGA scans primarily detect drops in LVEF, but no other information can be obtained. In addition, it is insensitive for detecting early toxicity. In contrast, echocardiography, which is also noninvasive, can identify both systolic and diastolic dysfunction, as well as valvular and pericardial disease (52) .
Biochemical markers may also indicate myocardial injury before the changes in LVEF are apparent. Troponin, as a biomarker of cardiotoxicity associated with chemotherapy, has been investigated, but the utility of troponin testing depends on a prospective definition of a cutoff with good specificity for clinically significant HF. In 1 study, the elevation of troponin I soon after high-dose chemotherapy predicted the future development of LVEF depression (53) , and in another study, troponin I elevations identified patients at different risks of future cardiac events (54) . B-type natriuretic peptide has also been shown to be positively correlated with cardiac events and subclinical cardiotoxicity, particularly with evidence to suggest it correlates more to diastolic as opposed to systolic dysfunction (55) (56) (57) . Prevention. Since one of the most significant risk factors for anthracycline-induced CMP is the cumulative dose the patient has received, one of the most significant preventative measures is to minimize the patient's lifetime cumulative dose (3). Other preventative measures that have been shown to decrease cardiotoxicity associated with anthracyclines include altering the anthracycline administration (e.g., continuous infusion vs. bolus administration), use of anthracycline analogues (e.g., idarubicin, epirubicin, mitoxantrone) or liposomal anthracyclines, and the addition of cardioprotectants (e.g., dexrazoxane) to anthracycline treatment (3). Treatment. Currently, there are no HF guidelines developed specifically for cancer patients. Until then, the guidelines published by the American College of Cardiology/ American Heart Association and Heart Failure Society of America should be followed. Medical management of patients with stage A disease should focus on risk-factor reduction by controlling HTN, diabetes, and hyperlipidemia, with the goal of preventing remodeling. Treatment of stage B, C, and D aims at improving survival, slowing disease progression, and alleviating symptoms. All patients should be on a combination of an angiotensin-converting enzyme (ACE) inhibitors or an angiotensin II receptor blocker and a beta-blocker unless contraindicated. These medications have been shown to reverse remodeling thereby improving survival. Patients with advanced HF usually require additional measures such as diuretics, digoxin, or aldosterone antagonists. Patients with end-stage HF with refractory symptoms at rest despite maximal medical therapy and without evidence of cancer recurrence could be considered for synchronized pacing, ventricular assist device, or cardiac transplantation (48) . Patients with anthracycline-induced cardiotoxicity may show clinical improvement in response to treatment, but because myocyte death is characteristic of this entity, resolution of the underlying process does not usually occur (22) .
There is some evidence supporting the use of ACE inhibitors in patients with anthracycline-induced CMP (58 -60) . In cancer patients undergoing high-dose chemotherapy, enalapril was shown to prevent a decline in LVEF as well as cardiac events when compared with the control group (58) . Although ACE inhibitors may be beneficial compared with placebo, they do not prevent progressive cardiac dysfunction in all patients. In an observational study of 18 children treated with enalapril for LVD or HF, the beneficial effects of enalapril diminished after 6 to 10 years due to progressive left ventricular wall thinning (59) . In another study of pediatric cancer survivors with subclinical cardiac dysfunction, enalapril reduced left ventricular endsystolic wall stress, but this was not associated with an improvement in exercise capacity, contractile state, or ejection fraction compared with that seen with placebo (60) .
The relationship between acute toxicity and the subsequent development of early and late cardiotoxicity is unclear. In a small randomized trial, the angiotensin II receptor blocker, valsartan, blocked all of the acute effects of anthracycline treatment (61) . Additional clinical trials are required to determine if blocking acute toxicity decreases the risk of subsequently developing early or late cardiotoxicity.
To date, there have been 4 case series that have evaluated the benefit of beta-blockers in the treatment of anthracyclineinduced CMP (62) (63) (64) (65) . Of the beta-blockers, carvedilol may have therapeutic advantages over the others in anthracycline-induced CMP since it has been shown to possess antioxidant properties (66) . Moreover, in a recent clinical trial, the use of carvedilol prophylactically protected systolic and diastolic function compared with placebo in patients treated with anthracycline chemotherapy (67) .
Discontinuation of trastuzumab is generally recommended when clinically significant HF occurs. However, patients who experience cardiotoxicity while receiving trastuzumab generally recover their cardiac function when trastuzumab is discontinued over a mean time period of 1.5 months (68) . Patients who have experienced benefit with trastuzumab therapy and who have improved cardiac function while on a standard heart regimen may restart trastuzumab therapy while on protective HF medications and close cardiac monitoring (68) . In addition, MemorialSloan-Kettering Cancer Center has proposed guidelines for the management of patients treated with trastuzumab based on physical status and LVEF (69) .
Ischemia
Chest pain is a common cardiac event experienced by cancer patients, often necessitating a work-up for myocardial ischemia. Several forms of cancer treatment (e.g., radiation, chemotherapy) are associated with an increased risk of coronary artery disease and/or acute coronary syndrome (ACS). Chemotherapeutic agents implicated in the development of myocardial ischemia/infarction are highlighted in Table 2 . Incidence. ANTIMETABOLITES. Fluorouracil. The most common symptom associated with 5-fluorouracil (5-FU) cardiotoxicity is angina-like chest pain. In rare cases, myocardial infarction (MI), arrhythmias, HF, cardiogenic shock, and sudden death have been reported (70, 71) . The incidence of cardiotoxicity associated with 5-FU varies in the literature ranging anywhere from 1% to 68% (8,70 -79) . Cardiac events tend to occur within 2 to 5 days of starting therapy, lasting up to 48 h (70). Ischemic electrocardiogram (ECG) changes have been reported in 68% of patients, but only 43% have elevations in serum cardiac markers (80) . The overall mortality has been estimated to be 2.2% to 13% (73, 76, 78) . Risk factors have not firmly been established, but high doses (Ͼ800 mg/m 2 ) and continuous infusions of 5-FU have been associated with higher rates of cardiotoxicity (7.6%) as compared with bolus injections (2%) (70, 73, 80) . Other commonly cited risk factors include history of cardiovascular disease, prior mediastinal radiation, and the concurrent use of chemotherapy (71) (72) (73) (74) (75) 77, 78, 81, 82) . Capecitabine. The incidence and risk factors of cardiotoxicity associated with capecitabine remain poorly defined. Currently, the majority of the literature citing the incidence of capecitabine-induced myocardial ischemia/infarction exists only as case reports or retrospective reviews. One prospective review in 644 patients found the incidence of capecitabine-associated cardiotoxicity to be 5.5% (74) . From the 4 retrospective reviews published, the incidence of cardiotoxicity ranges from 3% to 9% (71, (83) (84) (85) . In the case reports reviewed, the dosages of capecitabine ranged from 1,500 to 2,500 mg/m 2 /day, and typical angina symptoms appeared 3 h to 4 days after therapy (72,79,80,82,86 -89). ECG changes such as ST-segment elevation were noted in many cases (72, 79, 80, 82, 86, 89) and when serum cardiac markers were checked, they were normal (72, 80, 86, 89) except in 1 case (79) . Echocardiography (72, 80, 82, (87) (88) (89) and coronary angiogram were normal (72, 80, 82, 86, 87) . Previous cardiac disease was not a consistent risk factor since it was not present in some cases (72, 80, 88) , but present in others (79, 82, 83, 89) . Lastly, a history of 5-FU cardiotoxicity may be considered a risk factor for such effects related to capecitabine therapy (84, 86) . ANTIMICROTUBULE AGENTS. Paclitaxel. Cases of myocardial ischemia and infarction associated with paclitaxel administration have been described. Rowinsky et al. (90) reviewed the cardiac events in 4 clinical trials, and reported that manifestations of cardiac ischemia were observed in 5% of patients. In 198 patients treated with paclitaxel for ovarian cancer, 0.5% experienced a MI (91) . Lastly, in a review of the Cancer Therapy Evaluation Program's Adverse Drug Reaction database, which followed treatment of more than 3,400 patients, the overall incidence of grade 4 and 5 cardiac events was 0.29% (91) . These events occurred during and up to 14 days after paclitaxel administration (91) . Most of the cases reported that patients had known cardiac risk factors including HTN and coronary artery disease. Docetaxel. In the package insert, the incidence of myocardial ischemia associated with docetaxel is 1.7% (10). This incidence comes from a clinical trial conducted by Vermorken et al. (92) , which randomized 355 patients with inoperable, locally advanced squamous cell carcinoma of the head and neck to receive a standard regimen of cisplatin and 5-FU or the same regimen plus docetaxel. Myocardial ischemia was reported in 1.7% of the docetaxel arm compared with 0.6% of the control arm (10, 92) . The authors did not publish this side effect in the clinical trial; therefore, the only information available for myocardial ischemia was found in the package insert.
MONOCLONAL ANTIBODY-BASED TYROSINE KINASE INHIBI-

TORS.
Bevacizumab. Arterial thrombotic events (ATEs) tend to occur more frequently in patients treated with bevacizumab with chemotherapy as compared with patients treated with chemotherapy alone (10) . In a pooled analysis of 1,745 patients from 5 randomized controlled trials in metastatic colorectal, nonsmall cell lung cancer, and metastatic breast cancer patients, the overall incidence of ATEs was 3.8% (93) . When looking at MI/angina specifically, the incidence was 1.5% versus 1% in the bevacizumab group as compared with the control group, respectively (93) . In an ongoing observational study of 1,953 patients receiving bevacizumab plus chemotherapy, the incidence of serious ATEs was 1.8%. Of the patients identified with an ATE, 11 patients had a MI (0.6%) (94) . Bevacizumab-associated ATEs were reported to occur at any time during therapy, although in both studies mentioned, the median time to event was approximately 3 months. Events did not seem to be associated with dose or cumulative exposure. Age Ͼ65 Chemotherapy Associated With Ischemia (74, 81, 86, 97) . In 1 study, increased endothelin-1 levels were found in some patients, supporting the theory of coronary vasospasm, but the authors of this study questioned if the release of endothelin-1 from normal coronary artery endothelial cells was the primary cause or a consequence of 5-FU-related endothelial activation leading to cardiotoxicity (74, 98) . Therefore, alternative mechanisms have been developed, including direct toxicity on myocardium, interaction with coagulation system, and autoimmune responses (74, 86) . Accumulation of 5-FU and its metabolites due to dihydropyrimidine deficiency may increase 5-FU-related cardiotoxicity, although the relationship between these 2 is unknown (84). Animal models have suggested an accumulation of citrate in myocardial cells may be the causative mechanism (73, 74, 86) . This accumulation is attributed to fluoroacetate formation, which interferes with the Krebs cycle. Fluoroacetate is generated from a degradation product of parenteral 5-FU preparations, fluoroacetaldehyde (73, 86) . Animal studies have also shown the potential for 5-FU to induce dose-and time-dependent depletion of high-energy phosphates in the ventricle (86, 97) . Lastly, apoptosis of myocardial cells and endothelial cells may result in inflammatory lesions mimicking toxic myocarditis (84, 86) .
PACLITAXEL. Myocardial ischemia associated with paclitaxel is thought to be multifactorial in etiology, with other drugs and underlying heart disease as possible contributing factors (90) . In addition, the Cremophor EL vehicle in which paclitaxel is formulated may be responsible for its cardiac toxicity, and the mechanism is likely due to its induction of histamine release (90) .
BEVACIZUMAB. The mechanism associated with bevacizumabinduced arterial thrombosis is unclear. It is thought, however, that VEGF may be involved. VEGF stimulates endothelial cell proliferation, promotes endothelial cell survival, and helps maintain vascular integrity (99) . Therefore, anti-VEGF therapy may decrease the regenerative capability of endothelial cells in response to trauma, leading to endothelial cell dysfunction and defects in the interior vascular lining exposing subendothelial collagen. As a result of subendothelial collagen exposure, tissue factor is activated increasing the risk for thrombotic events to occur (99, 100) . In addition, inhibiting VEGF causes reduction in nitric oxide and prostacyclin, as well as increases hematocrit and blood viscosity via overproduction of erythropoietin, all of which may predispose patients to an increased risk of thromboembolic events (99) . Diagnosis. The diagnosis of an ACS is based upon the patient's clinical presentation, ECG changes, and elevations in cardiac enzymes. In 2007, the Joint Task Force of the European Society of Cardiology, American College of Cardiology Foundation, the American Heart Association, and the World Health Federation redefined acute MI as a term that should be used when there is evidence of myocardial necrosis in a clinical setting consistent with myocardial ischemia (101) . Treatment. Patients with suspected ACS should be managed according to the guidelines established by American College of Cardiology and American Heart Association (102,103). Cornerstones in ACS therapy include percutaneous coronary intervention, antiplatelet and anticoagulant therapy, all of which may pose a problem in certain cancer patients due to either thrombocytopenia or recent surgery. Currently, there are no guidelines or prospective studies that include such patients. However, in a retrospective study, aspirin use significantly improved 7-day survival in cancer patients with thrombocytopenia and ACS without increasing the bleeding risk (104) . In addition, treatment with beta-blockers also led to significantly improved 7-day survival in cancer patients with ACS (104). 5 -FU or capecitabine therapy should be discontinued in patients who develop chest pain. In addition, antianginal therapy and a work-up for ischemia should be initiated. Based on the idea that coronary artery spasm is involved in the mechanism of cardiac injury, prophylactic treatment with coronary vasodilators (e.g., nitrates and calcium-channel blockers) has been investigated. However, the results of these studies have not shown a consistent benefit. Rechallenging patients with 5-FU or capecitabine who previously had cardiotoxicity related to these agents remains controversial. A rechallenge with these agents should be reserved only for patients having no alternative therapeutic interventions and should be administered in a supervised environment. It may also be prudent BEVACIZUMAB. Because studies excluded patients who had any history of stroke or MI within 12 months of enrollment, the risks and benefits of bevacizumab treatment among these patients have not been established. Bevacizumab therapy should be discontinued in patients who develop severe ATEs during treatment. The safety of restarting of bevacizumab therapy after resolution of an ATE has not been studied (10) .
5-FU AND CAPECITABINE.
HTN
HTN and cancer often coexist in the same patient. In fact, high blood pressure is the most frequent comorbid condition reported in cancer registries (105) . Additionally, epidemiological studies suggest the possibility that there is an association between the 2 and that HTN affects the overall prognosis of cancer patients (106) . New approaches to cancer treatment disrupt angiogenesis; thereby patients receiving these agents often will develop HTN (105). Table 3 highlights the incidences of clinically significant HTN associated with selected anticancer agents. Incidence. BEVACIZUMAB. HTN (any grade) is a common adverse effect occurring in patients treated with bevacizumab, with an overall incidence of 4% to 35% reported in clinical trials (18, 19, (107) (108) (109) (110) (111) (112) . Grade 3 HTN occurred in 11% to 18% of patients (18, 19, 107, 108) . HTN developed at any time during therapy, and some data suggest there is a dose relationship (108) . Most patients who developed HTN in clinical trials were adequately treated with antihypertensives and continued bevacizumab therapy. However, worsening HTN requiring hospitalization or discontinuation of bevacizumab therapy occurred in up to 1.7% of patients (10) . Complications of bevacizumab-induced HTN have included hypertensive encephalopathy and central nervous system hemorrhage (10).
SORAFENIB. HTN is a major adverse effect of sorafenib therapy occurring in 17% to 43% of patients in clinical trials (96, (113) (114) (115) (116) . Grade 3 or 4 HTN occurred in 1.4% to 38% (96, (113) (114) (115) (116) . In a recent meta-analysis involving 4,599 patients treated with sorafenib therapy, the overall incidence of HTN was 23.4%. Grade 3 or 4 HTN ranged from 2.1% to 30.7% (117) .
SUNITINIB.
In clinical trials, sunitinib was associated with HTN, with the incidence varying from 5% to 24% (118 -122) . Grade 3 HTN occurred in 2% to 8% (118 -122) . In a retrospective review, sunitinib was found to have increased blood pressure (Ͼ150/100 mm Hg) in 47% of patients, with grade 3 HTN seen in 17%. HTN occurred within the first 4 weeks of therapy (37) . Pathophysiology. The mechanism of antiangiogenic therapy-related HTN is not fully understood. However, it is thought to be related to VEGF inhibition, which decreases nitric oxide production in the wall of the arterioles and other resistance vessels (99) . Nitric oxide is a natural vasodilator, thereby blocking its production promotes vasoconstriction, increased peripheral vascular resistance and blood pressure (99) . Because bevacizumab decreases endothelial nitric oxide synthase activity, this may stimulate plasminogen activator inhibitor-1 expression, leading to an increased risk of HTN (123) . It has also been hypothesized that VEGF may have effects on the renin-angiotensin system (124 For an explanation of the ϩ symbols, please see Table 1 . Medication manufacturers and locations as in Tables 1 and 2 . HTN, particularly grade 3, seems to be associated with higher treatment response (128) . When choosing an antihypertensive agent, there is evidence that some antihypertensives may be more effective than others, since the biological effect of these medications on angiogenesis differs (117) . In addition, it may be beneficial to use ACE inhibitors as first-line therapy due to their ability to prevent proteinuria and plasminogen activator inhibitor-1 expression (123) . In vivo studies have also shown that ACE inhibitors have the potential to reduce microcirculatory changes, decrease the catabolism of bradykinin, and increase release of endothelial nitric oxide (109) .
Drug-drug interactions should also be considered in sorafenib-treated patients. Sorafenib is metabolized via the cytochrome p450 system, mainly by CYP3A4. Dihydropyridine calcium-channel blockers (e.g., diltiazem and verapamil) should not be used in combination with sorafenib since they are both inhibitors of the CYP3A4 isoenzyme, thereby substantially increasing sorafenib levels. If a calcium-channel blocker is added, amlodipine and nifedipine are preferred. The use of phosphodiesterase inhibitors or nitrates to increase nitric oxide levels has been suggested when treating HTN associated with sorafenib therapy, although further clinical studies are necessary (117) . Finally, since HTN is a risk factor for the development of HF, medications that have been shown to be beneficial in preventing morbidity and mortality in HF patients (e.g., carvedilol, metoprolol succinate, ACE inhibitors, and angiotensin receptor blockers) may be considered as first-line agents for treating HTN associated with antiangiogenic therapy as well.
Thromboembolism
Cancer is known to produce a prothrombotic state. The risk of thrombosis appears to be highest in cancer patients with metastatic disease and in those with established risk factors. Risk factors include the use of central venous catheters and associated comorbidities such as immobility, HF, atrial fibrillation, dehydration, and administration of concurrent chemotherapy (129) . Table 4 highlights the incidences of clinically significant venous thromboembolism (VTE) associated with selected chemotherapeutic agents. Incidence. CISPLATIN. Platinum-based therapy has been shown to increase the risk of thrombotic events in cancer patients. In a retrospective review of 271 consecutive patients with urothelial transitional cell carcinoma receiving cisplatin-based chemotherapy, vascular events occurred in 35 patients (12.9%). When separating out the thromboembolic events in the 35 patients, 23 patients (8.5%) experienced a deep vein thrombosis (DVT) or pulmonary embolism (PE). Of these patients, 74% had events within the first 2 cycles of chemotherapy, and most patients had predisposing risk factors such as large pelvic masses, coronary artery disease, immobility, or a prior history of a thromboembolic event (130) .
VORINOSTAT. The incidence of thromboembolism associated with vorinostat is 4.7% (10) . This number is based on the unpublished combined results of 2 clinical studies evaluating vorinostat in the treatment of 86 patients with cutaneous T-cell lymphoma (CTCL) (10). However, 2 trials have been published reporting the frequency of thromboembolism associated with vorinostat. A phase IIb trial conducted in 74 CTCL patients found the incidence of thromboembolic events was 5.4% (131) . In addition, Duvic et al. (132) established that PE and DVT occurred in 5% and 8% of patients, respectively.
THALIDOMIDE.
Of the chemotherapeutic agents, thalidomide is most commonly associated with the development of thromboembolic complications. Thalidomide monotherapy is associated with low rates of thrombosis (Ͻ5%) (133, 134) . However, this risk increases dramatically (3% to 58%) when thalidomide is used in newly diagnosed patients, as well as when used in combination with dexamethasone or chemotherapy, particularly doxorubicin, in the absence of thromboprophylaxis (133) (134) (135) (136) (137) (138) (139) (140) (141) (142) (143) . Overall, the median time to onset of a thrombotic event associated with thalidomide was around 3 months (141).
LENALIDOMIDE.
Lenalidomide is a thalidomide analog with a favorable toxicity profile that differs from the parent molecule. However, it appears that the thrombotic risk is still significant with lenalidomide. In clinical studies, the incidence of thromboembolism has varied widely among reports, ranging anywhere from 3% to 75% (144 -149) . As a single agent, lenalidomide does not significantly increase the risk of VTE (141) . However, the rate of thrombosis fluctuates considerably depending on the patients' disease status, concomitant use of high-or low-dose dexamethasone, erythropoietin, or other chemotherapeutic agents, and whether or not thromboprophylaxis was employed during the study period (150) . Risk factors associated with increased rates of VTE include high doses of dexamethasone, For an explanation of the ϩ symbols, please see Table 1 . *The incidence of venous thromboembolism varies widely in the literature for angiogenesis inhibitors depending on the patient's disease status, concomitant use of high-or low-dose dexamethasone, erythropoietin, or other chemotherapeutic agents, and whether or not thromboprophylaxis was employed during the study period. Medication manufacturers and locations: Platinol-AQ, Bristol-Myers Squibb, Princeton, New Jersey; Revlimid and Thalomid, Celgene Corp., Summit, New Jersey; Zolinza, Merck & Co. Inc., Whitehouse Station, New Jersey; Tarceva, OSI Pharmaceuticals Inc., Melville, New York.
Chemotherapy Associated With Venous Thromboembolism
erythropoietin administration, and in 1 study, the rate was highest (75%) in newly diagnosed patients (141, 150) .
ERLOTINIB. DVT has been reported in 3.9% of patients receiving erlotinib in combination with gemcitabine, compared with 1.2% of patients who received gemcitabine alone, for the treatment of pancreatic cancer. The overall incidence of grade 3 or 4 thrombotic events, including DVT, was 11% in the erlotinib group plus gemcitabine arm and 9% in the gemcitabine only arm (10) . The manufacturer obtained these results from a trial conducted by Moore et al. (95); however, the incidence of thromboembolism was not published. Pathophysiology. Malignancy is associated with a baseline hypercoagulable state due to many factors including release of high levels of inflammatory cytokines with activation of the clotting system and inhibition of natural anticoagulant mechanisms, particularly the activated protein C system, impaired fibrin polymerization and reduced fibrinolysis, and alteration of endothelial surface (142) . Due to the complexity of this situation where multiple hemostatic abnormalities exist, the mechanisms by which anticancer treatments contribute to thrombosis remains to be clarified. Potential factors that may contribute to chemotherapy-induced thrombogenesis include the release of procoagulants and cytokines by chemotherapy-induced tumor cell damage, direct endothelial damage, as well as hepatotoxicity from chemotherapeutic agents leading to decreased production of normally produced anticoagulants (130) .
CISPLATIN.
With cisplatin, there is some laboratory evidence suggesting that it induces platelet activation and aggregation, possibly through a mechanism involving monocyte procoagulant activity. Cisplatin-based therapies may also alter endothelial cell integrity (130) . Finally, cisplatin may elevate von Willebrand factor levels, cause hypomagnesemia-induced vasospasm, and have antiangiogenic activity (151, 152) .
THALIDOMIDE AND LENALIDOMIDE.
It has been suggested that thalidomide-induced thromboembolism may involve its direct action on endothelial cells previously damaged by doxorubicin (134) . It also may involve an interaction between platelets and the endothelium (136, 142) . Increased platelet aggregation and von Willebrand factor have been found in patients treated with thalidomide (136) . Since lenalidomide is an analog of thalidomide, these same mechanisms may be responsible for its thrombosis. Diagnosis. The diagnostic test of choice for DVT is compression ultrasonography, due to its high sensitivity and specificity. When PE is suspected, spiral computed tomography angiography is the diagnostic test of choice. Nuclear medicine techniques (e.g., ventilation/perfusion scan) are utilized less frequently. Magnetic resonance pulmonary angiography may be considered an alternative to computed tomography pulmonary angiography in patients who have contraindications to iodinated contrast media (141).
Prevention of thromboembolism. THALIDOMIDE AND LENALIDOMIDE.
Due to the risk of thrombotic events, several preventative strategies have been investigated. There have been no randomized, prospective trials directly comparing different anticoagulants; therefore, there are no firm guidelines on the management of these patients. However, the International Myeloma Working Group recently published recommendations regarding the prevention of thalidomide-and lenalidomide-associated thrombosis in myeloma patients (141) . In this review, the authors advise tailoring the choice of thromboprophylaxis based on individual risk factors (e.g., age, obesity, previous VTE, central venous catheter, immobility, comorbidities, concomitant medications, surgery, inherited thrombophilia), as well as myeloma-related risk factors (diagnosis and hyperviscosity) and myeloma therapy-related risk factors (concomitant steroids, doxorubicin). The panel recommended no prophylaxis in those patients receiving thalidomide or lenalidomide as a single agent. Aspirin (81 to 325 mg) may be used in patients with no risk factors or Յ1 risk factor for VTE. Low-molecular-weight heparin (LMWH) equivalent to 40 mg enoxaparin or full-dose warfarin is recommended for those with 2 or more individual/myeloma-related risk factors or those receiving concomitant high-dose dexamethasone or doxorubicin (141) . Ongoing randomized trials comparing aspirin, warfarin, and LMWH will help to define an optimal prophylaxis strategy (141).
Treatment of thromboembolism.
Once a VTE is diagnosed, the goal of treatment is to relieve symptoms and prevent embolization and recurrence. Patients who develop VTE should be treated in accordance to established guidelines put forth by the American College of Chest Physicians. In general, for patients with VTE and cancer, the guidelines recommend LMWH for the first 3 to 6 months of long-term anticoagulant therapy, followed by anticoagulant therapy with warfarin or LMWH indefinitely or until the cancer is resolved (153) .
THALIDOMIDE AND LENALIDOMIDE. LMWH (enoxaparin, dalteparin, or nadroparin) should be used as initial treatment, with a transition to warfarin therapy targeting an international normalized ratio of 2 to 3, if the risk on concurrent thrombocytopenia is low. The optimal duration of therapy remains controversial; however, extended therapy is recommended due to the high risk of recurrence (Ͼ10%)
Chemotherapy Associated With Bradycardia* For an explanation of the ϩ symbols, please see Table 1 . *The incidence of bradycardia varies widely in the literature for these agents due to the differences in study design, definition of bradycardia, and numbers of patients. Medication manufacturers and locations as in Tables 2 and 4 . in the year after discontinuation of anticoagulant therapy in cancer patients who have had a VTE (141) . It is also recommended that it is reasonable to briefly discontinue thalidomide or lenalidomide and resume therapy once full anticoagulation has been established (141) .
Bradycardia
Bradycardia and heart block may be caused by multiple conditions in cancer patients. Fibrosis due to old age or radiation therapy, in addition to conditions like amyloidosis and primary cardiac tumors, can affect the cardiac conduction system (129) . Also, in patients with cancer, bradycardia and heart block have been associated with several chemotherapeutic agents, with the 2 most clinically significant agents being paclitaxel and thalidomide. Table 5 highlights the incidences of bradycardia associated with selected chemotherapeutic agents. Incidence. PACLITAXEL. Cardiac toxicity was first recognized during continuous monitoring of patients receiving paclitaxel treatment, which was performed due to the high incidence of serious hypersensitivity reactions noted during early phase I clinical trials. After cardiac events were noted, patients with known cardiac disease or on any medication that may interfere with cardiac conduction were excluded from clinical trials (91) . Paclitaxel has been shown to cause cardiac arrhythmias, including an asymptomatic bradycardia that is reversible (90, 154, 155) . The incidence of bradycardia caused by paclitaxel varies in the literature from Ͻ0.1% to 31% (10, 90, 91, 154, 155) .
THALIDOMIDE. The incidence of bradycardia associated with thalidomide is not reported in the package insert. Post-marketing surveillance studies have reported an adverse event reporting rate of 0.12% (156) . Correspondingly, in a phase III trial of thalidomide plus dexamethasone compared with dexamethasone alone in newly diagnosed multiple myeloma patients, sinus bradycardia in the thalidomide group was seen in only 2% of patients (137) . Although these reports suggest that the incidence of bradycardia appears to be low, other studies have found the rate of sinus bradycardia associated with thalidomide therapy to be anywhere from 5% to 55% (138, 140, (157) (158) (159) . Pathophysiology. PACLITAXEL. It has been suggested that paclitaxel may cause arrhythmias via its effects on the Purkinje system or extracardiac autonomic control (154) . In addition, Cremophor EL, which is the vehicle that paclitaxel is formulated in, may be responsible for its cardiac disturbances. In cases of hypersensitivity reactions, Cremophor EL is known to induce histamine release (90) . Stimulation of the histamine receptors in the cardiac tissue can increase myocardial oxygen demand as well as coronary vasoconstriction and chronotropic effects (91) . In animal studies, stimulation of the H1 receptors has resulted in prolongation of atrioventricular conduction, depression of conduction in the Purkinje tissue, myocardial cell injury, and ventricular arrhythmias (91) . Therefore, activation of histamine receptors in cardiac tissue may be a plausible explanation for the cardiotoxicity reported with paclitaxel (91) . Of note, paclitaxel is formulated with the highest concentration of Cremophor EL per dose of all agents in clinical use, and if Cremophor EL is the agent responsible for the cardiac toxicity, the mechanism is likely due to its induction of histamine release (90) .
THALIDOMIDE. The underlying mechanism of thalidomideinduced bradycardia remains unclear. It has been postulated, however, that the bradycardia may be due to central sedative effects or an activation of the vasovagal pathway. Thalidomide has been shown to reduce tumor necrosis factor-alpha levels, and as a consequence, this causes rapid and complete inhibition of the dorsal motor neurons (part of the nucleus of the vagus nerve). This could lead to over-reactivity of the parasympathetic nervous system resulting in bradycardia and exacerbate underlying conduction disturbances. In addition, it has also been proposed that thalidomide may induce hypothyroidism in some patients leading to bradycardia (158, 160) . Diagnosis. Bradycardia is typically defined as a heart rate Ͻ60 beats/min. Many patients are asymptomatic with a heart rate lower than 50 beats/min; however, some patients may have associated symptoms such as fatigue, limitations in physically activity, syncope, or dizziness. Diagnostic tests to determine the type of bradycardia include an electrocardiogram, Holter monitor, and screening for underlying disorders such as thyroid disease or electrolyte abnormalities. Treatment. PACLITAXEL. In general, bradycardia associated with paclitaxel use is without clinical significance; however, some patients have required pacemaker implantation. According to the package insert, frequent vital sign monitoring, particularly during the first hour of paclitaxel infusion, is recommended. Continuous cardiac monitoring is not required except for patients with serious conduction abnormalities (10) . In addition, all patients should be given a pre-medication regimen before paclitaxel infusion to prevent severe hypersensitivity reactions. Since histamine release has been implicated as a possible mechanism for paclitaxel-induced bradycardia, this may also aid in the prevention of bradycardia as well. In any case, bradycardia alone does not appear to be an indication to discontinue paclitaxel treatment, since many of these cases are asymptomatic. However, if the patient develops bradycardia with progressive atrioventricular conduction disturbances and/or clinically significant hemodynamic effects, paclitaxel discontinuation is warranted.
THALIDOMIDE. Treatment of bradycardia depends on whether the patient is symptomatic. If the patient is asymptomatic, no treatment is usually necessary, but careful observation is warranted. In some cases, a reduction in the daily dosing of thalidomide may be required. For the treatment of symptomatic bradycardia, thalidomide therapy should be discontinued. Furthermore, in patients with symptomatic third-degree atrioventricular block, a permanent pacemaker is indicated. In multiple myeloma patients with disease responsive to thalidomide therapy where no other therapeutic alternatives are available, these patients have had pacemakers implanted to be able to continue thalidomide (160, 161) . In all cases, concomitant medication inducing bradycardia such as beta-blockers, calciumchannel blockers, and digoxin should be avoided. In addition, a thyroid-stimulating hormone level should be obtained in these patients to rule out hypothyroidism as a cause of bradycardia.
QT Prolongation
QT interval prolongation is an abnormality of the electrical activity of the heart that places individuals at risk for ventricular arrhythmias. Cancer patients may be particularly prone to QT prolongation, since 16% to 36% of cancer patients have been shown to have baseline ECG abnormalities (129, 162) . In addition, cancer patients have a high prevalence of comorbid diseases, including structural heart disease, renal and hepatic dysfunction, as well as use concomitant medications that are known to prolong the QT interval (e.g., antiemetics, antifungals, quinolone antibiotics). Furthermore, cancer patients often experience nausea, vomiting, diarrhea, and decreased oral intake, which may lead to electrolyte disturbances, placing the patient at risk for QT prolongation (129, 162) . Table 6 highlights the incidences of QT prolongation associated with selected chemotherapeutic agents. Incidence. ARSENIC TRIOXIDE. The incidence of QT prolongation ranges widely in the published literature largely due to the small number of patients in each of the clinical trials. In the package insert, the U.S. Multicenter Study of Arsenic Trioxide is the only published data utilized to report the incidence of QT prolongation (163) . In this trial, over 460 ECG tracings from 40 patients with refractory or relapsed acute promyelocytic leukemia treated with arsenic were evaluated for QT prolongation. Sixteen of 40 patients (40%) had at least 1 ECG tracing with a QTc interval Ͼ500 ms. The QT interval was prolonged anywhere from 1 to 5 weeks after arsenic infusion, and then returned to baseline by the end of 8 weeks after arsenic therapy (10, 163) . However, in other trials the incidence of QT prolongation ranges from 26% to 93% (164 -170) .
DASATINIB.
In an FDA review of chronic myeloid leukemia patients treated with dasatinib, 9 patients (1.8%) of the safety population had at least 1 episode of QT prolongation reported as an adverse event, and 7 additional patients (1.4%) were found to have QTc prolongation of Ն500 ms on ECG. Furthermore, in a briefing document for Oncology Drug Advisory Committee, QT prolongation was reported to occur in 2% to 3% of patients treated with dasatinib (FDA websites). Finally, the package insert states that 9 patients have had QTc prolongation reported as an adverse event and that 3 patients (Ͻ1%) experienced a QTC interval Ͼ500 ms (10).
LAPATINIB. The QT prolongation potential of lapatinib was assessed in an uncontrolled, open-label dose escalation study in advanced cancer patients. Eighty-one patients received daily doses of lapatinib ranging from 175 to 1,800 mg/day. Serial ECGs were collected to evaluate the effect of lapatinib on QT intervals. Thirteen (16%) of the 81 subjects were found to have either QTc Ͼ480 ms or an increase in QTc Ͼ60 ms from baseline on ECG (10). To date, there is no published information on this particular study.
NILOTINIB. According to the package insert, the incidence of QT prolongation is 1% to 10%, and as part of the approval for nilotinib, the FDA has stipulated that nilotinib carry a black box warning for QT prolongation. In a phase I study of 119 patients treated with nilotinib, the QT interval appeared to increase by 5 to 15 ms; however, an exact incidence of QT prolongation was not reported in this trial (171) . Additionally, in a phase II open-label study, 3 (1%) of 280 patients had QTc intervals Ͼ500 ms (172) . Finally, in a phase II trial, increases of Ͼ60 ms were observed in 5 patients (4%) (173).
VORINOSTAT. The incidence of prolonged QT interval with vorinostat has been reported in 3.5% to 6% of patients (10) . A definitive study of the effect of vorinostat on QTc has not been conducted. However, in a total of 86 CTCL patients, 3 patients (3.5%) had QTc prolongation (10) . In addition, a retrospective analysis of 3 phase 1 and 2 phase 2 studies was conducted by the manufacturer, and 5 (4.3%) of the 116 patients studied had QT prolongation (10) . In 49 non-CTCL patients from 3 clinical trials who had complete evaluations of the QT interval, 3 (6%) patients experienced QT prolongation (10) . Of the trials used to calculate the incidence of QT prolongation found in the package insert, only 1 of these trials is published. In a phase IIb trial conducted in 74 patients with CTCL, QTc prolongation was noted in 3 (4%) patients (131) . Pathophysiology. The mechanism underlying QT prolongation associated with the medications mentioned in the Chemotherapy Associated With QT Prolongation* For an explanation of the ϩ symbols, please see Table 1 . *The incidence of QT prolongation varies widely in the literature for arsenic due to the differences in study design, definition of QT prolongation, and numbers of patients. Medication manufacturers and locations: Trisenox, Cephalon Oncology, Frazer, Pennsylvania; Tasigna, Novartis Pharmaceuticals Corporation, East Hanover, New Jersey; others as in Tables 1 and 4 .
preceding text remains unknown. When discussing druginduced QT prolongation, it is now understood that the blockade of delayed rectifier potassium current by medications is at least in part responsible for their pro-arrhythmic effect. In addition, 1 or more risk factors in the presence of underlying long QT syndrome may lead to significant QT interval prolongation (174) . Diagnosis. QT prolongation is an electrocardiographic diagnosis. The definition of QT prolongation varies in the medical literature, and definitive values that place patients at risk for ventricular complications have not been established. Guidelines for assessment of prolonged QTc values provide clinical direction in the assessment of patients at risk for cardiac events. A QTc interval is considered normal if it is Յ440 ms and prolonged in men and women if it is longer than Ͼ450 and Ͼ470 ms, respectively. Increases of Ն60 ms from baseline or Ͼ500 ms after administration of a medication raise concern about the potential risk of an arrhythmia. Both congenital and acquired factors may be responsible for QT interval prolongation. Some of the most commonly cited risk factors include female gender, elderly age, myocardial ischemia/infarction, HF, electrolyte imbalances, bradycardia, and medications with QT-prolonging effects (174) . Treatment. With each of the anticancer medications reviewed, the manufacturer has made recommendations for baseline and periodic ECG monitoring, as well as dosage adjustments or discontinuation of therapy that may be necessary in the face of QT prolongation. In addition, all of these agents should be used cautiously in patients with risk factors for developing QT prolongation (e.g., electrolyte abnormalities, congenital long QT syndrome, concomitant antiarrhythmic medicines or other drugs known to cause QT prolongation, cumulative high-dose anthracycline therapy). In addition, hypokalemia and hypomagnesemia should be corrected before initiating these medications (10) . Finally, before treatment patients should be informed of the risk of arrhythmias and to report any cardiac symptoms such as palpitations. The complications of QT interval prolongation, including arrhythmias and torsade de pointes, are rare but can have life-threatening consequences. If a patient does develop torsade de pointes, intravenous magnesium sulfate 2 g is the initial therapy of choice regardless of serum magnesium level. Nonsynchronized defibrillation may be indicated if sustained, hemodynamically unstable polymorphic ventricular tachycardia or fibrillation develops. Overdrive transvenous pacing may be used to shorten the QTc. Pacing is highly effective in preventing recurrence and may be useful in cases refractory to magnesium or when torsade de pointes is precipitated by bradycardia. If overdrive pacing is initiated, short-term pacing rates of 90 to 110 beats/min should be used. Isoproterenol titrated to a heart rate Ն90 beats/min is another option in patients, and it is useful when temporary pacing is unavailable or while preparing for transvenous catheter insertion. In addition, it is always imperative to maintain serum potassium levels in the high-normal range, and discontinue any QT prolonging medications and drugs interfering with patients' metabolism (175) .
